We investigated the hepatoprotective effects of a concentrate of sake (CS) and its components against Dgalactosamine (GalN)-induced liver injury by measuring the plasma alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities in mice. CS significantly suppressed the GalN-induced elevation of ALT and AST activities. Each of four concentrated fractions extracted from sake (respectively consisting mainly of basic amino acids, neutral and acidic amino acids, organic acids and sugars) suppressed the GalNinduced elevation of ALT and AST activities. We focused on the sugar fraction containing glucose and ethyl -D-glucoside (-EG), which is a sake-specific sugar, as the major components and demonstrated that only -EG showed significant suppression of the GalNinduced elevation of ALT and AST activities. We compared the effects of the -EG analogues, methyl -D-glucoside and ethyl -D-glucoside, on GalN-induced liver injury and confirmed that only -EG significantly suppressed both the ALT and AST activities. Moreover, CS and -EG suppressed the GalN-induced production of interleukin 6 (IL-6) and liver DNA fragmentation. Together these results show that CS and its component, -EG, suppressed GalN-induced liver injury by inhibiting IL-6 production.
Epidemiological studies have revealed alcohol to be both a risk factor and a protective factor for health. It is widely known that light-to-moderate alcohol consumption decreases the risk of mortality from all combined causes and various health problems, but that heavy alcohol consumption is very hazardous to health. Marmot has shown that the relationship between alcohol consumption and mortality is U-shaped: the mortality rate is lower in men reporting moderate alcohol intake than in either non-drinkers or heavier drinkers (greater than 34 g of alcohol per day). 1) Renaud has shown the French paradox effect: in spite of the high intake of saturated fat in France, the low mortality from coronary heart disease may be attributable in part to a high wine consumption.
2) On the other hand, alcohol is a wellestablished risk factor for cancers 3, 4) of the oral cavity, pharynx, esophagus, larynx, liver, colorectum and breast, and for hemorrhagic stroke. 5) To examine the association between lifestyle habits including alcohol consumption and health problems in Japan, large-scale population-based prospective cohort studies have been conducted: the Japan Public Health Center-based prospective study (JPHC study) and the Japan Collaborative Cohort Study (JACC study). The results of these studies confirmed that moderate alcohol consumption was associated with the lowest risk of all-cause and cancer mortality. [6] [7] [8] [9] The U-shaped relationship between alcohol intake and ischemic stroke and the alcohol-dependent increase in hemorrhagic stroke were also observed in Japan. 10) Favorable associations between light-to-moderate alcohol intake and health issues have been suggested, but most of the studies were conducted without attention to the type of alcoholic beverages consumed. Several epidemiological studies have described the association of the type of alcoholic beverage with health problems, but no differences were observed in the type of alcoholic beverage consumed. [11] [12] [13] [14] It seems difficult to get conclusive evidence that the association is mediated by ethanol itself or by the non-alcoholic components of alcoholic beverages, because the types and amount of consumed alcoholic beverages are different in the countries studied. There have been attempts to reveal whether the components in red wine or ethanol are responsible for the ''French paradox'' in experimental animals. Alcohol-free red wine has been shown to prevent arterial thrombosis in dietary-induced hypercholesterolemic rats, and regular consumption of wine (rather than alcohol) has been shown to prevent arterial y To whom correspondence should be addressed. Tel: +81-82-420-0814; Fax: +81-82-420-0804; E-mail: izu@nrib.go.jp Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GalN, D-galactosamine; IL-6, interleukin 6; CS, concentrate of sake; -EG, ethyl -D-glucoside; -MG, methyl -D-glucoside; -EG, ethyl -D-glucoside; BW, body weight thrombosis.
15) The red wine fraction rich in polymeric proanthocyanidins exerts a protective effect against myocardial alterations derived from ischemia. 16 ) From these studies, the non-alcoholic components of alcoholic beverages seem to be factors responsible for the health effects.
Sake (Japanese rice wine) contains many kinds of component compared to distilled alcoholic beverages. Sake is known in Japan as ''the chief of medicine'' because of its presumed health benefits. For example, sake is believed to have a positive effect on skin condition. However there is little scientific evidence of sake's health benefits. It has recently been shown that an oral ingestion of a concentrate of sake or its components (ethyl -D-glucoside (-EG) and organic acids) reducesd the epidermal barrier disruption in murine skin caused by ultraviolet B radiation. 17) Sake is also believed to have hepatoprotective components which decrease the toxicity of ethanol. Therefore, we examined the hepatoprotective activity of sake on D-galactosamine (GalN)-induced liver injury in mice and confirmed that sake indeed had hepatoprotective components.
Materials and Methods
Samples and materials. About 31.6 grams of a concentrate of sake (CS) was prepared from 500 ml of sake (¼ 496 g, produced by Ozeki Co., Hyogo, Japan) by concentrating under vacuum. -EG was isolated from CS by silica gel column chromatography and eluted with chloroform/methanol. -EG (ethyl -D-glucoside) was synthesized as described before. Assay of the components in sake. The amounts of -EG, glycerol, maltose, isomaltose, panose, andglucosylglycerol in CS were analyzed by high-performance liquid chromatography (HPLC, Gilson Medical Electronics, Middletown, WI, USA) with a sugar column (Shodex sugar SZ5532, 6:11 mm Â 150 mm, Showa Denko, Kanagawa, Japan) as described previously. 17) The column was eluted with a linear gradient from 80% CH 3 CN and 20% H 2 O to 70% CH 3 CN and 30% H 2 O in 10 min. The elution was continued in the latter solvent for 20 min. The flow rate was set at 1.0 ml/ min throughout the experiment. Glucose was determined by a commercial kit (Glucose CII test Wako, Wako Pure Chemical Industries, Osaka). The amount of total sugar was determined by the anthrone-sulfuric acid method. The amount of organic acids and their composition were determined by an organic acid analyzer (LC10AD, Shimadzu, Kyoto). The amount of amino acids and their composition were determined by an amino acid analyzer (LC10A, Shim-pack Amino-Na Column, Shimadzu, Kyoto, Japan). The amino acidity and acidity of the sake were analyzed according to the Annotation of Official Methods of Analysis of National Tax Administration Agency. 19) Carbohydrate, protein, fat and water were determined by SRL Food Analysis Service (Tokyo, Japan).
Fractionation of sake. Sake was fractionated as described previously, 20) the procedure for the fractionation being shown in Fig. 1 . IRC-76, IR-120BH, and IRA-96SB were used in this study instead of IRC-50, IR-120 H, and IR-45 OH, respectively (Organo Co., Tokyo, Japan). The sake was adjusted to pH 6.5 with 1 N NaOH and fractionated into four fractions (Fr. 1-4) in columns. Each fraction derived from 500 ml (¼ 496 g) of sake was concentrated to 31.6 g under vacuum, the concentration of components in each concentrated fraction nearly corresponding to that in CS. The obtained concentrate of each fraction was used for further analysis and animal experiments.
Animal experiments. Eight-week-old male BALB/c mice (Charles River Japan, Kanagawa, Japan) were maintained under controlled conditions (ambient temperature, 22 AE 2 C; relative humidity, 60%; light condition, 12 h-light/dark cycle). The animals had free access to food and water. All animals received humane care as outlined by the Guide for the Care and Use of Laboratory Animals (National Research Institute of Brewing Animal Care Committee).
Induction of GalN-induced liver injury. After adaptation to a control diet (casein, 250; cornstarch, 515; sucrose, 50; cellulose, 80; soybean oil, 60; mineral mixture, 35; vitamin mixture, 10) for 7 days, the mice were subjected to the induction of liver injury. Liver injury was induced by an intraperitoneal injection of 1500 mg/kg BW GalN (150 mg/ml of GalN, 10 ml/kg BW) as previously described. 21, 22) Untreated mice were injected with saline. The mice were killed by decapitation to obtain blood and liver 24 hr after the injection. Blood plasma was separated from heparinized whole blood by centrifugation. The plasma and liver obtained were stored at À80 C until needed for analysis. In this study, five separate experiments were conducted. In Experiment 1, the mice in the CS groups received CS (0.3 or 1.0 ml/kg BW) by gavage 1 and 24 hr before the GalN injection. The mice in the GalN groups received saline in each experiment. In Experiment 2, the mice in the CS, Fr. 1, Fr. 2, Fr. 3, and Fr. 4 groups received CS, Fr. 1, Fr. 2, Fr. 3, and Fr. 4 (1.0 ml/kg BW), respectively, by gavage 1 and 24 hr before the GalN injection. In Experiment 3, the mice in the glucose and -EG groups received 200 mg/kg of BW glucose and -EG (20 mg/ml of water, 10 ml/kg BW), respectively, by gavage 1 and 24 hr before the GalN injection. In Experiment 4, the mice in the -EG, -MG, and -EG groups received 200 mg/kg of BW, -EG, -MG, and -EG (20 mg/ml of water, 10 ml/kg BW), respectively, by gavage 1 and 24 hr before the GalN injection. In Experiment 5, the mice in the CS and -EG groups received 1.0 ml/kg of BW CS (10% CS, 10 ml/ kg BW) and 200 mg/kg of BW -EG (20 mg/ml of water, 10 ml/kg BW) by gavage 1 and 24 hr before the GalN injection. The mice were killed 2 hr after the GalN injection to obtain the plasma for measurement of IL-6.
Biochemical analysis of plasma. The activities of alanine aminotransferase (ALT, EC1.1.1.27) and aspartate aminotransferase (AST, EC2.6.1.1), the marker enzymes of liver injury, were measured colorimetrically by a commercial assay system (Fuji DRICHEM, Fuji Film, Tokyo, Japan). The concentration of IL-6 was measured by an ELISA assay kit (Mouse IL-6 kit, Cosmo Bio, Tokyo, Japan).
Analysis of hepatic DNA fragmentation. Hepatic DNA fragmentation was quantified by an ELISA kit (Boehringer Mannheim, Mannheim, Germany) as shown before. 23) Liver was obtained 24 hrs after the injection of GalN. In brief, frozen liver was homogenized in 4 volumes (v/wt) of ice-cold PBS containing 10 mmol/l of EDTA. The homogenate was centrifuged at 13;000 Â g for 20 min at 4 C. The supernatant was diluted and subjected to a direct analysis of oligonucleosome-bound DNA with an ELISA kit.
Statistical analysis. Data are expressed as the mean AE SEM. A statistical analysis was performed by one-way ANOVA, and the differences between means were tested by Dunnet's test when the F-value was significant. A p-value of 0.05 or less is considered significant.
Results

Major components in the concentrate of sake (CS)
The main components of CS were water, -EG and glucose (Table 1) . CS also contained such organic acids as lactic acid, succinic acid, malic acid, and citric acid. The contents of -EG in alcoholic beverages were 0.2-1% in sake and <0:01% in beer, red wine and white wine. The amount of -EG in sake is therefore higher than that in other alcoholic beverages.
Effects of CS on the GalN-induced elevation of plasma ALT and AST activities (Experiment 1)
The activities of ALT and AST in the mice without the GalN treatment were 35:5 AE 1:8 and 147 AE 6:9, respectively. The GalN injection increased the ALT and AST levels by 13.5-fold and 3.9-fold, respectively (Fig. 2) . In the mice treated with CS (1 ml/kg BW), the activities of ALT and AST were decreased by 69.2% and 48.9%, respectively, compared with those in the GalN group (Fig. 2) . In the mice treated with CS (0.3 ml/kg BW), the suppressive effect on ALT and AST was weaker than that in the mice treated with CS (1 ml/kg BW) (Fig. 2) . These results indicate that CS significantly suppressed the GalN-induced elevation of ALT and AST in a dose-dependent manner. Major components in the concentrate of Fr. 1-4 derived from sake Sake was fractionated as shown in Fig. 1 , and a concentrate of each fraction was characterized (Table 2) . From this data, the major components in Fr. 1 and Fr. 2 seemed to be amino acids. Most of the acid components were in Fr. 3, and most of the sugar components were in Fr. 4 ( Table 2 ). The organic acids contained in Fr. 3 were lactic acid, succinic acid, malic acid, and citric acid, which were found in CS (Tables 1 and 3) . A large part of the acetic acid in Fr. 3 came from the acetate buffer used for the purification procedure (Fig. 1) . Fr. 1 and 2 respectively contained basic amino acids and neutral and acidic amino acids ( Table 4 ). The major sugars contained in Fr. 4 were glucose and -EG ( Table 5) .
Effects of Frs. 1-4 derived from sake on the GalNinduced elevation of plasma ALT and AST activities (Experiment 2)
The activities of ALT and AST were decreased by 41.9-59.9% and 31.2-40.8% in the Fr. 1-4 groups respectively compared with the activities in the GalN group (Fig. 3) . These results indicate that Frs. 1-4 containing components of sake such as amino acids, organic acids and sugars suppressed the GalN-induced elevation of ALT and AST.
Effects of glucose and -EG, the major components in Fr. 4, on the GalN-induced elevation of plasma ALT and AST activities (Experiment 3)
The suppressive effects on GalN-induced liver injury by amino acids and organic acids have already been well studied, so we examined the suppression of GalNinduced liver injury by the sugars contained in Fr. 4. The Mice were intraperitoneally injected with 1500 mg/kg of D-GalN. The mice in the CS groups were given 0.3 ml/kg BW or 1.0 ml/kg BW of CS by gavage 1 and 24 hrs before the GalN injection, and those in the GalN group were given saline. The mice in the Glc, -EG, -MG and -EG groups were respectively given 200 mg/kg BW of glucose, -EG, -MG and -EG by gavage 1 and 24 hrs before the GalN injection. Blood was collected 24 hrs after the injection of D-GalN. Each value is the mean AE SEM (n ¼ 10 per group).
Ã Significantly different from the GalN group at p < 0:05 by Dunnet's test. 1  1337  3  3  Met  0  430  6  0  Ile  1  878  0  0  Leu  3  1089  0  0  Tyr  12  1823  0  15  Phe  3  1089  0  0  His  963  0  0  4  Lys  834  2  0  0  Arg  2258  0  0  0 Asp and Glu were calculated as the respective sums of Asp and Asn and of Glu and Gln. major components in Fr. 4 were glucose and -EG ( Table 5 ). The respective activities of ALT and AST were decreased by 60.3% and 41.6% in the -EG group compared with those in the GalN group (Fig. 2) , whereas no such a suppressive effect was apparent in the glucose group (Fig. 2) . These results indicate that -EG was mainly responsible for suppressing the GalNinduced liver injury.
Effects of -EG analogues on the GalN-induced elevation of plasma ALT and AST activities (Experiment 4)
The activity of ALT was respectively 65.1%, 55.6%, and 37.2% less in the -EG, -MG, and -EG groups than that in the GalN group (Fig. 2) . The activity of ALT was respectively 36.9%, 31.8%, and 23.9% less in the -EG, -MG, and -EG groups than that in the GalN group (Fig. 2) . Only -EG had a significant suppressive effect on the GalN-induced elevation of both ALT and AST.
Effects of CS and -EG on the GalN-induced elevation of plasma IL-6 (Experiment 5) IL-6 was not detected in the plasma of mice under normal conditions without the GalN treatment. IL-6 was elevated only 2 hr after the GalN injection (Fig. 4) . The GalN-induced elevation of IL-6 was decreased by 81.8% and 85.4% in the CS and -EG groups, respectively (Fig. 4) . Thus, CS and -EG significantly suppressed the induction of IL-6 by GalN.
Effects of CS and -EG on the GalN-induced hepatic DNA fragmentation
Previous reports have suggested that an administration of GalN caused hepatic apoptosis and DNA fragmentation in mice. 21, 22) Under the conditions used in this study, GalN-induced hepatic DNA fragmentation was observed by the TUNEL method (data not shown). Hepatic DNA fragmentation quantified by the ELISA method in the GalN group was 2.0-fold higher than that in the control group (data not shown). CS and -EG thus significantly suppressed the GalN-induced liver DNA fragmentation (Fig. 4) . The mice in the GalN, CS, and -EG groups were intraperitoneally injected with 1500 mg/kg of D-GalN. The mice in the CS and -EG groups were respectively given 1.0 ml/kg BW of CS and 200 mg/kg BW of -EG by gavage 1 and 24 hrs before the GalN injection, and those in the GalN group were given saline. Blood and liver were respectively collected 2 and 24 hrs after the injection of D-GalN. Each value is the mean AE SEM (n ¼ 10 per group). Ã Significantly different from the GalN group at p < 0:05 by Dunnet's test.
Discussion
Our results suggest that CS and a component of the sugar fraction of sake, -EG, could greatly suppress GalN-induced liver injury in mice. Moreover, only -EG significantly suppressed both the ALT and AST activities in -EG analogues such as -MG and -EG (Fig. 2) .
Fractions 1-3 respectively containing basic amino acids, neutral and acidic amino acids, and organic acids contained substances that reportedly suppressed GalNinduced liver injury. Most of the acetate in Fr. 3 was derived from the acetate buffer for fractionation, rather than from sake ( Fig. 1 and Table 3 ). Acetate and citrate have previously been reported to suppress GalN-induced liver injury. 24, 25) Fractions 1 and 2 containing amino acids also suppressed the GalN-induced elevation of the plasma ALT and AST activities. Of the 11 amino acids tested, Gln, Asn, Ser, His, Lys, Tyr and Gly significantly suppressed the GalN-induced liver injury. 26) Ala and Glu have also suppressed GalN-induced liver injury. 27, 28) These organic acids and amino acids were contained in Fr. 1-3 and may have been related to the ability of these fractions to suppress GalN-induced liver injury. However, it is difficult to compare the results of the present study with those of previous studies which have each used different methods to administer organic acids and amino acids.
The mechanism for GalN-induced liver injury, although poorly understood, seems to be partly related to the immune system. IL-6 is a cytokine involved in immune response and inflammation. 29) An injection of GalN and lipopolysaccharide markedly increasesd the plasma concentration of IL-6 within 3 hrs with subsequent elevation of ALT and AST. IL-6 induction was observed only 2 hrs after the administration of GalN under the conditions we used (Fig. 4) , but IL-6 was decreased by 4 hrs or later (data not shown). We confirmed the suppression of GalN-induced IL-6 production by CS and -EG (Fig. 4) . The suppressive effects of CS and -EG on GalN-induced liver injury seem to have been involved in the suppression of IL-6 induction.
-EG is absorbed through sodium-dependent glucose transporter-1 in the small intestine and into the bloodstream, 30) although the biodistribution of -EG is not clear. More than 60% of -EG was excreted in urine in an intact form, 30) but oral ingestion of -EG reduced the epidermal barrier disruption caused by UVB irradiation in hairless mice. 17) In this study, oral ingestion of -EG suppressed GalN-induced liver injury by inhibiting the induction of IL-6. Glycosides such as -EG have previously been shown to have effects on liver injury and the immune system. [31] [32] [33] [34] [35] [36] Flavonoids from green tea leaves have suppressed GalN-induced liver injury, 31, 32) while a purple potato extract containing rich anthocyanin derivatives inhibited GalN-induced elevation of the ALT, AST, and TNF levels in rats, suggesting that the purple potato extract had a hepatoprotective effect by inhibiting lipid peroxidation and/or inflammation. 33) Glycosides have been shown to suppress the lipopolysaccharide-induced production of such cytokines as TNF and IL-6, and an anti-allergic component, ethyl -D-fructofuranoside, has been isolated from the ethanol extract of Zizyphi Fuctus. 34) Anti-allergic activity has also been found in flavanone glycosides from citrus 35) fruits and Quillaja saponin. 36) However the mechanism by which these glycosides modulate the immune system is not clear.
In conclusion, the results of this study indicate that CS and -EG, which is a sake-specific sugar, each had a hepatoprotective effect against GalN-induced liver injury in mice by inhibiting the induction of IL-6. CS and -EG also suppressed the GalN-induced liver DNA fragmentation.
